We present a comprehensive analysis of planetary phase variations, including possible planetary light offsets, using eighteen quarters of data from the Kepler space telescope. After correcting for systematics, we found fourteen systems with significant detections in each of the phase curve components: planet's phase function, secondary eclipse, Doppler boosting and ellipsoidal variations. We model the full phase curve simultaneously, including primary and secondary transits, and derive albedos, dayand night-side temperatures and planet masses. Most planets manifest low geometric albedos (<0.25), except for Kepler-10b, Kepler-91b and KOI-13b. We find that KOI-13b, with a small eccentricity of 6.4
INTRODUCTION
The Kepler Space Telescope monitored over ∼150,000 stars for nearly four years. Even though the main goal of the Kepler mission was to find planets using the transit method, the high precision, long baseline and continuous nature of its observations make the resulting photometry ideal for characterizing exoplanets through studies of their phase variations.
From transit measurements, it is possible to derive both the planet's orbital parameters (period, scaled semimajor axis and impact parameter) as well as the planetto-star radius ratio. Meanwhile, the out-of-transit light curve, known as the phase curve, can yield constraints on the planetary atmosphere (e.g. albedo, brightness temperature) and the planet's mass.
A planet's phase curve is a composite of brightness variations caused by three independent phenomena: ellipsoidal variations stemming from changes in the starlight due to tides raised by the planet, Doppler boosting resulting from the reflex motion of the star, and a combination of reflected light and thermal emission from the planet. The secondary eclipse, when the planet passes behind the star, provides additional constraints on the light from the planet.
In recent years, several groups have presented light curve data from Kepler for a few individual planets (e.g. Welsh et al. 2010; Barclay et al. 2012; Shporer et al. 2011 ) and for small samples of planets (Esteves et al. 2013; Angerhausen et al. 2014; hereafter E13 and A14 respectively) . With the exception of two ultra-shortperiod Earth-sized planets, Kepler-10b (Batalha et al. 2011) and Kepler-78b (Sanchis-Ojeda et al. 2013) , all of these studies focus on hot Jupiters.
Since Kepler observes in a single broad optical band, it is not possible to disentangle the individual contributions from reflected light and thermal emission. The Spitzer Space Telescope, on the other hand, primarily probes the thermal emission from hot Jupiters at infrared wavelengths. For a number of planets, Spitzer observations have provided direct measurements of the day-night contrasts, due to temperature differences between the two hemispheres of these presumably tidallylocked worlds, and have shown that often the hottest spot in the planet's atmosphere is offset from the sub-stellar point (e.g. Knutson et al. 2007) . Demory et al. (2013) have shown, using Kepler phase curve observations and Spitzer secondary eclipse measurements of , that a planet's brightness can be dominated by reflected light and that the albedo can vary between the morning and evening sides of the planet. They attribute this to inhomogeneous reflective clouds, whose properties change as a function of longitude, influenced by the planet's wind and thermal patterns.
Here we present the results of our transit and phase curve analysis, with the inclusion of a phase function offset, for 14 planets Kepler43b, ) using all 18 quarters of Kepler's long-cadence and short-cadence data. In Section 2 we present the dataset and our analysis method, while in Section 3 we present our model to fit the data. The results are presented and discussed in Section 4, and finally we outline our conclusions in Section 5.
2. DATA REDUCTION After correcting for systematics (see Section 2.1), we visually inspected the phase-folded light curve of all publicly released Kepler planets and planet candidates with periods <5 days. Of these we found 13 planets (Kepler5b, Kepler12b, ) that, between quarters, consistently exhibited a planetary phase curve signal without requiring stellar variability removal and had significant detections in each of the phase curve components (see Section 3).
Both Kepler-17b and Kepler-43b show apparent phase curves, but the variations are not coherent between the first and the second halves of the data. Star spot activity on Kepler-17 and Kepler-43, resulting in stellar variability with 2% and 0.5% amplitudes respectively, is the most likely explanation. We chose to include Kepler43b in our sample, but exclude Kepler-17b because of its high level of variability. In our analysis, we used both the Kepler long cadence (LC) and short cadence (SC) simple aperture data (see Table 1 ). In the only multiplanet system, Kepler-10b, we removed the second planet's transit. Instrumental signals were then removed by fitting cotrending basis vectors as described in E13. In order to remove quarter-toquarter discontinuities, we normalized each quarter to its out-of-transit median. After cotrending and combining all quarters, we removed outliers by calculating a running median and standard deviation of 21 measurements around each point and rejecting measurements that differed by more than 5σ. For each planet, the raw Kepler simple aperture photometry, the cotrended light curve and the cotrended out-of-transit light curve after outlier removal can be found in the Appendix (Figures 1-7 ). Bergfors et al. (2013) . l From Faedi et al. (2013) . m From Narita et al. (2012). Kepler's large pixel size, with a width of 3.98", allows for the possibility of dilution from a background or foreground star or a nearby stellar companion. In the literature we found that several of our 14 systems have one or more nearby stellar companions (see Table 2 ). However, only KOI-13 is significantly diluted by its companion. For KOI-13, studies find a large range of dilutions: 38-48% (Adams et al. 2012; Szabó et al. 2011; Shporer et al. 2014) . In our analysis, we adopt the Shporer et al. (2014) value of 48%, corresponding to a dilution factor of 1.913±0.019. We also account for the quarter-to-quarter third light fraction provided by the Kepler Input Catalog, the average of which can be found in Tables 4-7. 2.3. Stellar Variability For each system, we inspected the periodogram (Zechmeister & Kürster 2009 ) of the outof-transit light curve and found that none of the systems has significant stellar variability at periods that are close to harmonics of the planet's period. However, for Although α 1 , u and y are not explicitly mentioned in this paper their description and use in calculating α 2 , f 1 and f 2 can be found in Esteves et al. (2013) . Derived using stellar parameters from: a Shporer et al. (2014) . b Huber et al. (2013) . c Szabó et al. (2011). four of the planets (Kepler-10b, Kepler-41b, Kepler-43b and Kepler-412b), when we inspect the out-of-transit periodogram we see excess variability at periods above and below harmonics of the planet's period. To test if this was caused by uneven sampling of the light curve, we created periodograms with similarly sampled noise and found that this phenomenon was not seen. The source of this variability is most likely star spots. By phase-folding over many orbital periods this variability should result in an increase of the scatter and should not alter the shape of the phase curve. However, for Kepler-43b our bootstrap analysis has shown that variability can have a strong influence on the shape of the phase curve (see Section 4.1).
Removal of Systematics

Companion Stars
3. ANALYSIS 3.1. Transit and Phase Curve Modeling In our analysis, we simultaneously fit the transit and phase curve, allowing for both circular and eccentric orbits. Our model is a combination of the four components: i) F transit , a Mandel & Agol (2002) transit model for a quadratically limb-darkened source; ii) F p , the planet's phase function; iii) F ecl , the secondary eclipse, when the light from the planet is blocked as it passes behind its host star; iv) F m , a combination of Doppler boosting and ellipsoidal variations, where Doppler boosting is caused by the host star's changing radial velocity and ellipsoidal variations resulting from tides on the star raised by the planet. Each of these components is phase (φ) dependent with φ running from 0 to 1 and mid-transit occurring at φ=0. The change in brightness of the planet-star system as a function of phase can then be described by
where f 0 is an arbitrary zero-point in flux and θ is the offset of the phase function's peak from φ = 0.5. The transit model includes the impact parameter of the transit (b), the ratio of the semi-major axis of the planet's orbit to the stellar radius (a/R ⋆ ), the planet to star radius ratio (R p /R ⋆ ) and a linear combination of limbdarkening coefficients (2u 1 + u 2 , u 1 − 2u 2 ). While the phase curve model fits for the planet's mass (M p ), secondary eclipse depth (F ecl ) and phase function amplitude and offset (A p and θ). Our orbital period (P ) was taken from the NASA Exoplanet Archive (Akeson et al. 2013) and our time of mid-transit (T 0 ) was determined from a simple fit to speed up our Markov Chain Monte Carlo (MCMC) analysis. The light curves were phase-folded and binned such that 400 points spanned the orbit (i.e. a binsize of 0.0025 in phase), but with an increased sampling rate across the transit, such that it is spanned by 200 points. However, for Kepler-76b and Kepler-91b, which only have LC measurements, we fit to the unbinned light curve taking the sampling into account. This is important as sharp features in the light curve are smoothed significantly by the long exposures.
KOI-13b's transit curve is asymmetric as a result of the planet's motion across a stellar surface temperature gradient during transit (Szabó et al. 2011) . To obtain a symmetric curve we reflected the binned transit onto itself and fitted the mean of each bin.
In our analysis we fit two phase curve models that differ only in their treatment of F m . One model fits for M p directly, while the other assumes a constant amplitude derived from published radial velocity (RV) measurements, if available. In addition, each model is fit with and without θ and eccentricity as free parameters. For completeness we also fit each model with and without a cosine third harmonic that we allowed to vary in amplitude (A 3 ) and phase (θ 3 ). Our motivation for the latter came from the discovery of a phase-shifted 6.7±0.3 ppm third harmonic in the residual of KOI-13b's phase curve (E13).
Five sequences of 400,000 steps were generated and the first 150,000 points were trimmed to avoid any contamination from the initial conditions. The chains were then combined after checking that they were well mixed (Gelman & Rubin 1992 ) and the best-fit model was chosen using the Bayesian Information Criterion (BIC, Liddle 2007).
Eccentric Orbital Parameters
In our eccentric model we fit for eccentricity (e) and the argument of periapsis (ω), but jump in √ e cos ω and √ e sin ω (e.g. Triaud et al. 2011) . For eccentric orbits, unlike for circular orbits, the true anomaly (ν) does not change linearly in time and the star-planet separation (d) is time dependent. To adjust our phase curve model to account for this, the true anomaly and the separation were calculated in a manor similar to Bonavita et al. (2012 Bonavita et al. ( 2013 , derived using the -The left and right panels contain the binned and phase-folded transit light curves and phase curves, respectively. For Kepler-5b, Kepler-6b and Kepler-7b the transit data was binned to 1.36, 1.07 and 1.61 minutes, while the phase curve data (grey) was binned to 12.8, 11.6 and 17.6 minutes, respectively. Over-plotted on each is our best fit model and the phase curve data binned to four times the fitted data (black).
ephemeris formulae of Heintz (1978) , as
where M is mean anomaly, E is the eccentric anomaly and a, the semi-major axis, can be calculated from d and the planet-star separation during transit. The projected star-planet separation (z 0 ) can then be calculated by
where i is the orbital inclination. Note that the mean anomaly is defined from periastron passage as
where T peri is the time of periastron passage. This is important because the orbital phase used in our models is defined from mid-transit as
where T mid is the time of mid-transit. As a result, there is a phase offset between M and φ. This phase offset is taken into account by requiring that ν + ω at mid-transit be 90
• . Subsequently all parameters computed from M (ν + ω, d and z 0 ) must be similarly offset.
In Sections 3.3-3.4 we describe the circular phase curve models. The eccentric models can be obtained by substituting φ for ν + ω and a for d. 
Secondary Eclipse and Phase Function
We model the secondary eclipse using the formalism from Mandel & Agol (2002) for a uniform source and normalize the model by R 2 p /R 2 ⋆ . Here an eclipse model amplitude of one corresponds to a fully occulted planet while a grazing eclipse results in an amplitude less than one. The phase function is modeled as a Lambert sphere described by
where A p is the amplitude of the phase function, R p is the planet's radius and z is defined by
The geometric albedo (A g ), assuming only reflected light, can then be calculated by
3.4. Doppler Boosting and Ellipsoidal Variations Doppler boosting and ellipsoidal variations are two separate phenomena, both of which depend of the planet's mass (M p ) as well as other transit and stellar parameters.
Doppler boosting is a combination of a bolometric and a bandpass-dependent effect. The bolometric effect is the result of non-relativistic Doppler boosting of the stellar light in the direction of the star's radial velocity. The observed periodic brightness change is proportional to the star's radial velocity, which is a function of the planet's distance and mass. The bandpass-dependent effect is a periodic red/blue shift of the star's spectrum, which results in a periodic change of the measured brightness as parts of the star's spectrum move in and out of the observed bandpass.
Ellipsoidal variations, on the other hand, are periodic changes in observed stellar flux caused by fluctuations of the star's visible surface area as the stellar tide, created by the planet, rotates in and out of view of the observer. If there is no tidal lag, the star's visible surface area and ellipsoidal variations are at maximum when the direction of the tidal bulge is perpendicular to the observer's line of sight, φ of 0.25 and 0.75, and at minimum during the transit and the secondary eclipse.
The combined Doppler and ellipsoidal contributions can be described by
where M ⋆ is the host star mass, G is the universal gravitational constant, c is the speed of light, α d is the photonweighted bandpass-integrated beaming factor and f d and f e are the phase dependent modulations of the Doppler boosting and ellipsoidal signals, respectively. f d and f e can be described by
Here f 1 and f 2 are constants used to determine the amplitude of the higher-order ellipsoidal variations and are defined by
The detailed description of α d , α 1 and α 2 can be found in E13 and references therein. While their values, along with the values of f 1 , f 2 , can be found in Table 3 .
In the RV derived model, M p is calculated via
where K is the published RV semi-amplitude (see Tables 4-7).
4. RESULTS AND DISCUSSION Using the BIC we selected the most appropriate model for each target. The results of our best-fits can be found in Tables 4-7 and in Figs. 1-5. The errors presented for the phase function amplitude (A p ), eclipse depth (F ecl ) and planet mass (M p ) were derived from our bootstrap analysis (see Section 4.1). Of our targets, KOI-13b, with a small eccentricity of 6.4
, is the only planet where the BIC favoured an eccentric orbit.
Robustness of Phase Curve Parameters
To assess the robustness of the phase curve parameters we performed a bootstrap, using a simple regression analysis, to measure F ecl , A p and M p for subsets of the data. To simplify the model, the peak offset and third harmonic were fixed to the best-fit parameters from our MCMC analysis. For each fit we randomly selected half of the available individual orbits, allowing for orbits to be redrawn. However, we only selected orbits where at least 80% of the data were available, to prevent skewing from incomplete phase curves. For each planet we generated 5000 light curves and use the standard deviation of the distribution of best fit values to determine uncertainties for F ecl , A p and M p (see Tables 4-7) , but still assume a best-fit value obtained from our MCMC analysis.
For all planets we found that the uncertainty derived from the bootstrap was higher than for the MCMC, but that the median value from the bootstrap is in agreement with our best-fit MCMC values. For most planets the uncertainty was 1-3 times the MCMC values. However for the phase functions of Kepler-7b, Kepler-8b, Fig. 1 . However, for HAT-P-7b and KOI-13b the transit data was binned to 1.18 and 0.95 minutes, while the phase curve data (grey) was binned to 7.9 and 6.4 minutes, respectively. For HAT-P-7b and KOI-13b we did not overplot the increasingly binned data as the error bars are smaller than the size of the data points.
Kepler-43b, Kepler-91b and HAT-P-7b, the bootstrap uncertainties were 8, 4, 12, 4 and 6 times higher than the MCMC, respectively. For Kepler-43b the bootstrap derived uncertainty for the eclipse depth and planet mass was also 4 and 9 times higher. It should be noted that the eclipse depth for Kepler-43b is significantly lower than the phase curve amplitude (see Table 5 ) and its host star appears to be variable (see Fig. 4 ).
For Kepler-43b we also find a phase function amplitude 7 times larger than the eclipse depth, which is only physically possible if the planet does not fully pass behind the star. This would require a highly inclined and eccentric orbit both of which are not found by our phase curve analysis and in radial velocity data from Bonomo et al. (2012) . Due to the large variations in our bootstrap parameters for Kepler-43b and unphysical phase curve measurements, we conclude that it does not exhibit a planetary phase curve signal and that the variations are likely a result of residual instrumental effects or stellar variability.
These results indicate that there are residual systematic effects and/or stellar variability affecting the data, and the impact is greatest for Kepler-7b and Kepler-43b. Furthermore, the bootstrap results for Kepler-43b show that it is possible for stellar variability to mimic the shape of a phase curve and therefore additional analysis is needed to validate the planetary origin of a phase curve.
Fitted vs. Derived Planet Masses
For nine of the twelve planets with published RV measurements the BIC favoured the use of a fixed ellipsoidal and Doppler amplitude (See Tables 4-6 ). This indicates that, for those planets, changing the amplitude of the RV derived ellipsoidal and Doppler signal does not reduce the χ 2 enough to justify adding another parameter.
For Kepler-5b, Kepler-43b and HAT-P-7b a fitted planet mass was favoured over the RV derived value. For Kepler-5b and HAT-P-7b the fitted value was 1-2σ lower than for RV value. This deviation from the RV mass could be a result of light curve variability as the bootstrap uncertainty for Kepler-5b and HAT-P-7b was approximately 2 and 4 times higher than the MCMC value, respectively. For Kepler-43b, we have already demonstrated that its phase curve is most likely not of planetary origin, but instead a result of light curve variability (see Section 4.1).
For the two planets with RV measurements, Kepler91b and KOI-13b, we find that variability in their light curve results in an uncertainty 4 and 2 times larger than found by the MCMC, respectively.
KOI-13b/Kepler-13b
For KOI-13b we ran our fits using three sets of stellar parameters reported in the literature (Shporer et al. 2014; Huber et al. 2013; Szabó et al. 2011 ). We do this only for KOI-13b because the reported stellar parameters differ greatly from one another and more importantly because the choice of stellar parameters strongly influences our derived equilibrium temperature. 
a From the NASA Exoplanet Archive (Akeson et al. 2013 This is of particular importance for KOI-13b as its blackbody peaks very close to the edge of the Kepler bandpass. Therefore a small increase in equilibrium temperature can lead to a significant increase in the contribution from thermal emission in the Kepler bandpass, while a small decrease in temperature will require a larger amount of reflected light to explain the observed secondary eclipse depth. Further discussion of KOI-13b's equilibrium temperature and albedo can be found in Section 4.8. We note that because the ellipsoidal models depend on coefficients derived from stellar parameters (see Table 3 ), using values from Shporer et al. (2014) results in a BIC favoured model without a phase function offset, while using the other two sets of parameters favours a small positive offset. In addition, all three sets of stellar parameters favoured a small, but slightly different, eccentric orbit and third cosine harmonic with an amplitude of ∼7 ppm (see Section 4.7 and Table 7 ).
The determination of KOI-13b's host star temperature is complicated by the fact that it has a stellar companion at 1.12" with almost the same apparent brightness. For the rest of our discussion we adopt the results obtained using the most recent spectroscopically derived values from Shporer et al. (2014) as our best-fit values, but we note that the results for this planet strongly depend on the assumed stellar parameters.
4.4.
Kepler-76b/KOI-1658.01 Of our targets Kepler-76b is the only planet where our fit indicates a grazing transit and therefore a partial eclipse. This results in a normalized eclipse model with an amplitude less than one (see Section 3.3), which then leads to a measured planetary flux (F ecl ) larger than the apparent eclipse depth. Although the eclipse does not appear much larger than the phase function (see Figure 5 ), compensating for the partial eclipse leads to a significant difference and therefore a large night-side flux (see Section 4.9). 2400±100 2200
a From the NASA Exoplanet Archive (Akeson et al. 2013 4.5. Kepler-91b/KOI-2133.01 For Kepler-91b our transit parameters differed significantly from our results in E13. Previously we found a low impact parameter, consistent with zero, an a/R ⋆ of 4.51, an inclination of 89.9
• and a R p /R ⋆ of 0.01775. These values, in combination with a measured eclipse depth of 38.7 ppm, resulted in a geometric albedo >1 and therefore led us to conclude that Kepler-91b, previously referred to as KOI-2133, was a self-luminous object, not a planet. In this study we find an impact parameter of 0.9442, an a/R ⋆ of 1.873 and a R p /R ⋆ of 0.02036. These, along with our new eclipse depth of 47 ppm, results in a geometric albedo of 0.39, which is fully consistent with Kepler-91b being a planet.
Independent studies of Kepler-91b also find differing transit parameters. Lillo-Box et al. (2013) find a high b set of solutions, similar to this study, while Sliski & Kipping (2014) find a low b set of solutions, similar to E13.
The transit shapes of both sets of solutions are very similar. With a depth of approximately 400 ppm and only long-cadence observations, the transit light curve of Kepler-91b appears to be only marginally constrained enough to measure the subtle differences between these models. We found that, by using varying subsets of the Kepler-91b light curve, we could obtain solution sets with both the low and high impact parameters. However, using the full 18 quarters of available data, the high impact parameter set of solutions were strongly favoured. Therefore the variations between different studies could be due to residual systematics and/or stellar variability. Other differences between studies include the orbital period as well as the removal method of systematics and outliers: Sliski & Kipping (2014) derive an orbital period of 6.246733±0.000005 days, while our studies and Lillo-Box et al. (2013) assume a value of 6.24658±0.00008 days.
In E13 we find an eclipse depth of 38.7±8.2, in agreement with our current value, while Lillo-Box et al. (2013) attribute the dip near φ=0.5 to stellar variability and therefore do not include a secondary eclipse in their fit. However, they do predict a theoretical secondary eclipse depth of 25±15 ppm, which is in agreement with our current value. There are also several other large dips in the phase curve, the largest of which are centred around a phase of 0.17 and 0.7. We therefore caution the use of the parameters derived from our eclipse value (see Section 4.8). Lillo-Box et al. (2013) also find an eccentricity of 0.066
−0.017 , while our fit did not favour an eccentric model.
Comparison to Previous Studies
As the number of published phase curve measurements rapidly increases, it is becoming nearly impossible to coherently compare individual results. Instead we choose to compare all published phase curve measurements, for each of the four components, at once.
In Table 1 we present all >1σ published Kepler eclipse depths, phase function, ellipsoidal (A e ) and Doppler boosting (A d ) amplitudes for the 14 planets in our sample. In this table we have presented all phase function measurements as peak-to-peak amplitudes and all ellipsoidal and Doppler measurements as semi-amplitudes. In addition we have adjusted the amplitudes for KOI-13b from E13, A14 and Shporer et al. (2011) , to account for a dilution factor of 1.913±0.019 (see Section 2.2).
For all measurements, where errors were reported, we calculate a σ deviation between the published values and our results. Note that our A e and A d values are derived from planet mass measurements and are therefore not independent. A histogram of the differences can be found in Fig. 6 .
For three components (A ecl , A p , A e ) the majority of the published values lie within 1σ, while for A d most previous values lie within 2σ and are skewed toward higher values. There are also some notable outliers. For the eclipse depth, early measurements of HAT-P-7b from Borucki et al. (2009) and for KOI-13b from Coughlin & López-Morales (2012) and Szabó et al. (2011) differ by more that 5σ. However, it should be noted that these studies all used significantly less data than ours. The phase function of KOI-13b from E13 is 3σ lower than our value, while the phase function of Note: For KOI-13b values were reported for three sets of stellar parameters from the literature, where our chosen values from Shporer et al. (2014) . A stellar mass uncertainty of ±0.1M ⊙ and a stellar radius uncertainity of ±0.1R ⊙ was assumed when not given in the literature. a From the NASA Exoplanet Archive (Akeson et al. 2013 HAT-P-7b from A14 is 5σ lower. The Doppler boosting measurements for HAT-P-7b also vary significantly from E13 and A14, which find values 14 and 15σ higher than our results. The same is true for Kepler-76b, where the Doppler boosting signal from A14 and Faigler et al. (2013) is 7 and 5σ higher. The eclipse depth for Kepler76b also differs significantly from previous studies but this is most like because our model fits for the planet's surface brightness, which accounts the partial eclipse of Kepler-76b (see Section 4.4). It is unclear why our phase function result for KOI-13b is higher than previously, but it is in agreement with values from A14 and Shporer et al. (2011) . For Doppler boosting it is possible that the inclusion of a peak phase function offset is the source of this discrepancy. To investigate if there is a degeneracy between these two parameters we refit each planet with the ellipsoidal and Doppler amplitude as independent parameters. We find that there is a correlation between the measured Doppler amplitude and phase function offset, for small offsets, where an underestimated Doppler signal corresponds to a positive offset (i.e. a peak before the eclipse).
For HAT-P-7b and Kepler-76b we find a positive offset of 0.019 and 0.023, respectively. Since these offsets were not included in previous studies it could explain why we find significantly lower Doppler amplitudes for these Table 1 ) for eclipse depths (F ecl ), phase function amplitudes (Ap), ellipsoidal variations (Ae) and Doppler boosting (A d ).
two planets. Note that A14 also fit for a peak offset but do not find any positive offsets. This is somewhat expected as they fit for ellipsoidal variations and Doppler boosting independently and therefore a small positive offset would be modeled as an increase in Doppler signal.
3rd Harmonic and Spin-Orbit Misalignment
Since a third order harmonic is clearly visible for KOI-13b, we refit each planet using phase curve model that includes a third cosine harmonic as described in Section 3. For three of our targets (Kepler-7b, HAT-P-7b and KOI-13b) we found that the BIC favoured a model with this additional component. However, after refitting to different sub-samples of Kepler-7b's data we conclude that the signal is not coherent in time and therefore exclude this component.
For KOI-13b we measure a third harmonic in agreement with our previous value from E13 and out of phase by 2σ. However, the errors for the amplitude and phase of the third harmonic (see Table 7 ) were obtained from our MCMC simulations and our bootstrap analysis has shown these to be consistently underestimated. Shporer et al. (2014) chose to model this feature by including a second and third sine harmonic as well as a third cosine harmonic. Combined their model produces a third harmonic ∼3 ppm less than ours with a relative phase shift of ∼0.1.
The cause of this additional third harmonic could be the movement of the stellar tidal bulge raised by the planet, the source of ellipsoidal variations, across areas of the star with different surface brightnesses. The motivation for this reasoning is the asymmetry in KOI-13b's transit caused by a spin-orbit misalignment (Szabó et al. 2011; Barnes et al. 2011 ) and significant gravity darkening due to rapid stellar rotation (v sin i=65-70 km s −1 ; Szabó et al. 2011 ). For HAT-P-7b we find that the BIC favours a model including a 8σ detection of a 1.93 ppm third harmonic.
Interestingly, similar to E13, Van Eylen et al. (2013) and Morris et al. (2013) , we find an asymmetry in HAT-P-7b's transit. Analysis of this asymmetry is outside the scope of this paper, but, like KOI-13b, it could be related to the system's significant spin-orbit misalignment (Winn et al. 2009; Narita et al. 2009 ). Although, unlike KOI-13b's host star, HAT-P-7 has an unusually low, and somewhat disputed, v sin i of 2-6 km s −1 , indicating a nearly pole-on view (Winn et al. 2009; Narita et al. 2009; Albrecht et al. 2012; Torres et al. 2012 ).
Planet Brightness, Temperature and Albedo
Using our eclipse depths we calculate each planet's geometric albedo assuming only reflected light (A g ) and the brightness temperature of the day and night side (T B,day and T B,night ) assuming only thermal emission. We also calculate the equilibrium temperature, assuming only no reflected light, for the two limiting cases, instant re-radiation (f =2/3, T eq,max ) and homogeneous re-distribution (f =1/4, T eq,hom ). These values can be found in Tables 4-7 , their detailed description in E13 and references therein.
For Kepler-10b, Kepler-91b and KOI-13b we find geometric albedos of 0.58, 0.39 and 0.46, respectively, while for all the other planets we find albedos less than 0.25. Kepler-10b's very high albedo is a clear outlier from our sample, as is its small radius, at only 1.4R ⊕ , ultra short period and rocky composition (Batalha et al. 2011) .
For Kepler-91b these findings differ largely from E13, where we found an unphysical albedo due to our significantly different a/R ⋆ values. However, note that the validity of Kepler-91b's measured eclipse depth and derived albedo is uncertain as the phase curve exhibits large variations due to stellar variability and/or residual systematics (see Section 4.5).
For KOI-13b the high albedo could instead be a result of thermal emission as KOI-13b's blackbody peaks in the Kepler bandpass. However, the thermal contribution depends heavily on which of the three sets of stellar parameters are assumed (see Section 4.3). This is discussed in more depth later in this section.
Since the eclipse depths at optical wavelengths are likely a combination of reflected light and thermal emission, we self-consistently solve for A g taking into account both contributions using
where B λ is the Planck function of the equilibrium temperature expression in parentheses, T K is the Kepler transmission function and F λ,⋆ is the stellar flux computed using the NEXTGEN model spectra (Hauschildt et al. 1999 ). Here we have assumed that the Bond albedo is
We calculate each target's self-consistent albedo and corresponding temperature for the two limiting cases, denoted max and hom, and present the values in Table 8 . For several planets we find that the selfconsistent albedo, in the instant re-radiation limit, is marginally consistent with zero, meaning that thermal emission alone can explain their observed eclipse depths. This can be seen in upper left panel of Fig. 7 where we compare the maximum equilibrium temperature to the reflection only geometric albedo (A g,max ) and in the upper right panel of Fig. 7 where we compare the equilibrium temperature to the self-consistent geometric albedo. For several planets taking into account the thermal emission significantly lowers the albedo, with many consistent with zero, meaning that their non-zero albedos can be explained with thermal emission. For KOI-13b we calculate the albedos and temperatures using three sets of stellar parameters reported in the literature (see Section 4.3). These three studies report a stellar temperature between 7650K and 9100K corresponding to an equilibrium temperature from 3300K to 3900K. This leads to a large variation in the self-consistent albedo, ranging from 0 to 0.4.
We also compare the day-side brightness temperature (T B,day ) to the maximum equilibrium temperature (see lower left panel of Fig. 7 ) and find that for several planets the brightness temperature is significantly higher than the equilibrium temperature. This excess brightness temperature can be accounted for if we include a reflected light contribution as, at optical wavelengths, even low albedos can produce a reflected light dominated brightness. This is supported by our finding that for all planets the self-consistent albedo is <1.
There doesn't appear to be a correlation between the excess brightness temperature and equilibrium temperature as an excess is seen in both the hottest and coolest planets in our sample. It is possible is that this extra flux is seen because we are probing significantly hotter layers of the planet's atmosphere, which is supported by our finding that for Kepler-76b, TrES-2b and KOI-13b we need an increase in brightness to explain both their observed day-and night-side flux (see Section 4.9).
Night-side Emission
Since the eclipse depth provides a day-side brightness and the phase function amplitude measures the daynight flux difference we can place some constraint on the planet's night-side brightness. Note that for the planets with a phase function offset we calculate the difference between the eclipse depth and phase function amplitude at φ=0.5, not the peak amplitude. For almost all of our planets the night-side flux was marginally consistent with zero with the exception of Kepler-76b, TrES-2b and KOI-13b, which have 3, 1 and 7σ detections, respectively. Note that for Kepler-76b the eclipse does not appear much larger than the phase function (see Figure 5) . However, compensating for its partial eclipse leads to a larger derived eclipse depth and therefore a significant night-side flux (see Section 4.4) By combining the day and night side measurements it is possible to place a constraint on the planet's redistribution factor (f ′ ) by simultaneously solving for f ′ and A g,max in the following equations
where f ′ =1/4 corresponds maximum day-side and zero night-side temperature, while f ′ =0 is an equal day-night temperature. For planets with a marginal night-side detection, Kepler-8b, Kepler-12b and Kepler-412b, we find albedos of 0.13 For the planets with a significant night-side flux (Kepler-76b, TrES-2b and KOI-13b) our simple model fails, and we do not find any solution. This is most likely due to the assumption that the atmosphere is isothermal, with two temperatures, one for the day-side and one for the night-side. However, this can be accounted for if we are probing a significantly hotter layer of the planet's atmosphere in the Kepler bandpass.
Peak Offset of Planetary Light
For seven of our fourteen targets the BIC favoured the inclusion of an offset of the phase function peak from mid-eclipse. Of this sample, the five cooler planets have phase functions peaked after eclipse, referred to as a negative offset in our formalism, while the two hotter planets (Kepler-76b and HAT-P-7b) reach peak brightness before eclipse (positive offset).
Physically, a peak after eclipse corresponds to a westward shift of the planet's peak surface brightness from the substellar point, which, for tidally locked planets, would mean that the planet appears brightest on the morning-side, when some of the night-side is still in view, instead of at noon when the full day-side is visible. A peak before eclipse would be the opposite, an eastward shift or a maximum brightness in the evening.
Of these planets only three have published offset measurements. For Kepler-7b, Demory et al. (2013) find an offset of -0.114±0.033, while A14 find an offset of -0.08. These measurements differ by 2σ from our value of -0.070±0.005. However, each study uses a slightly different number of quarters, between 14 and 18, utilizes different methods for the removal of systematics and varies on how they model Doppler boosting and ellipsoidal variations. Nonetheless it is clear that each study finds a significant westward shift.
A14 find a peak offset for Kepler-12b and Kepler-43b of -0.19 and -0.10, respectively, significantly higher than our values of -0.12±0.02 and 0.075±0.007. They also do not find an offset for the other four planets in our sample, possibly due to the degeneracy between the Doppler boosting amplitude and phase function offset (see Section 4.2).
When we compare our measured peak offsets to the planet's equilibrium temperature (see lower right panel of Fig. 7 ) we see a division between planets around an equilibrium temperature of approximately 2500K, where hotter planets have a positive or eastward shift and cooler planets have a negative or westward shift.
For tidally locked hot-Jupiters, with a thermal emission dominated brightness, a robust outcome of a variety of circulation models (e.g. Cooper & Showman 2005; Heng et al. 2011 ) combined with analytical theory (Showman & Polvani 2011 ) is an eastward shift of the planet's peak brightness. Demory et al. (2013) use this, the lack of significant thermal emission in the Spitzer 3.6 and 4.5 µm bandpasses and the presence of a westward shift to conclude that Kepler-7b's phase curve is dominated by reflected light. Furthermore they state that the most likely cause of the westward shift is the presence of inhomogeneous reflective clouds, whose properties change as a function of longitude and are influenced by the planet's wind and thermal patterns.
Determining a Reflected Light Fraction with
Kepler The self-consistent albedo measurements give strong evidence that, for most planets, the light from the planet in the Kepler band is a combination of both reflected light and thermal emission. Since Kepler observes in a single broad optical band, it is difficult to constrain the relative contributions from each source. However, using our self-consistent albedo equation we can estimate the reflected light fraction (f ref ) by dividing the observed geometric albedo by our self-consistent albedo. The values for the two limiting cases can be found in Table 8 .
In the left panel of Fig. 8 we compare the reflected light fraction and maximum equilibrium temperature and do not find a significant correlation. This is not surprising as most, if not all, values are not well constrained and several are completely unconstrained.
For the seven planets with peak offsets of their planetary light, we compare the reflected light fraction and peak offset in the right panel of Fig. 8 . For the three planets with a westward offset and a constraint on their reflected light fraction (Kepler-7b, -8b and 12b), it appears that at least some reflectivity is needed explain their observed brightnesses.
For HAT-P-7b we measure an eastward offset and find that its brightness can be marginally explained by thermal emission alone while for Kepler-76b, which also exhibits an eastward offset, at least some reflected light is required. We note that for Kepler-76b we derived an eclipse depth larger than exhibited in the phase curve, due to compensating for Kepler-76b's partial eclipse (see Section 4.4). However, if we do not compensate for this, the eclipse depth can be explained solely by thermal emission. Therefore it is important to properly treat the partial eclipse when determining the reflectivity of Kepler-76b.
Inhomogeneous Clouds vs. Shifted Hot-Spot
With Kepler alone we are not able to determine whether planets with a peak offset are dominated by reflected light or thermal emission. However, if an equilibrium temperature of approximately 2500K is an upper boundary on cloud formation (e.g. Fortney et al. 2008ab; Morley et al. 2013) , the phase functions of Kepler-76b and HAT-P-7b would be dominated by thermal emission and therefore our measurement of an eastward shift is consistent with theory (see Section 4.10). On the other hand, if the planets under 2500K are able to condense particles, it is possible that their phase functions and westward shifts are caused by inhomogeneous reflective clouds as seen in Kepler-7b (Demory et al. 2013) .
For tidally locked planets, a westward offset (or a peak after eclipse) means that the planet appears brightest on the morning-side. If this morning-side brightness is produced by reflective clouds, it is conceivable that these clouds could condense on the night-side, when temperatures are cooler, and then dissipate as the atmosphere heats up during the day, thus resulting in thicker, more reflective clouds at sunrise that gradually disperse throughout the day.
CONCLUSIONS From our analysis of phase variations in fourteen
Kepler planets, with significant detections in each of the phase curve components, we find that most have low geometric albedos <0.25 dominated by reflected light, with the exception of Kepler-10b, Kepler-91b and KOI-13b where we derive values of 0.58, 0.39 and 0.46, respectively. Of our targets, KOI-13b, with a small eccentricity of 6.4
, is the only planet where an eccentric orbit is favoured.
For KOI-13b, we again detect a third cosine harmonic with an amplitude of 7.0 ± 0.3 ppm and for HAT-P-7b we detect a never-before-seen third harmonic with an amplitude of 1.9 ± 0.2 ppm. The cause of this additional third harmonic could be the movement of the stellar tidal bulge raised by the planet, the source of ellipsoidal variations, across areas of the star with different surface brightnesses. The motivation for this reasoning is the asymmetry in KOI-13b's and HAT-P-7b's transit, where the former is caused by a spin-orbit misalignment and significant gravity darkening due to rapid stellar rotation.
Our re-analysis of Kepler-91b's transit found very different results than in E13, where we previously derived a geometric albedo >1 and therefore concluded that Kepler-91b, previously referred to as KOI-2133, was a self-luminous object, not a planet. However, with our new set of transit parameters, along with our new eclipse depth of 47 ppm, we derive a geometric albedo of 0.39, fully consistent with it being a planet.
Our bootstrap analysis revealed that MCMC fits consistently underestimate uncertainties caused by light curve variations either from residual instrumental effects and/or stellar variability and that these effects are greatest for Kepler-7b and Kepler-43b. Furthermore, for Kepler-43b we find a phase function amplitude much larger than the eclipse depth, which is only physically possible if planet does not fully pass behind the star. This would require a highly inclined and eccentric orbit both of which are not seen in the light curve and radial velocity data. Due to the large variations in our bootstrap parameters for Kepler-43b and unphysical phase curve measurements, we conclude that it does not exhibit a planetary phase curve signal.
For seven planets (Kepler-5b, Kepler-6b, Kepler-10b, Kepler-91b, Kepler-412b, KOI-13b and TrES-2b) our analysis did not favour an offset in the peak of their planetary light, while for the other seven (Kepler7b, and HAT-P-7b) we find both eastward and westward offsets. For the two hottest planets, Kepler-76b and HAT-P-7b, with offsets of 0.023±0.003 and 0.0194±0.0008, respectively, we find that the planetary light peaks before the eclipse, corresponding to a peak brightness eastward of the substellar point or on the evening-side of the planet. While for the cooler planets, , with offsets between -0.07 and -0.12, the planetary light peaks after the eclipse (i.e. westward or on the morning-side).
These results have drastically increased the number of Kepler planets with detected planetary light offsets and provided the first evidence, in the Kepler data, for a correlation between the direction of the peak offset and the planet's temperature. This correlation could possibly arise if hotter planets are dominated by thermal emission and therefore exhibit a hot spot shifted to the east, as theoretically predicted, whereas cooler planets are dominated by reflected light and have clouds westward of the substellar point (i.e. on the morning-side), as seen for Kepler-7b. However, with this study alone we are not able to determine whether the planets with peak offsets are seen predominantly in reflected light or thermal emission. 
